interventions are appropriate, safe, and effective in managing clients' problems and in improving their health. The goal of health intervention research is to demonstrate the causal relationship between interventions and anticipated outcomes. The causal relationship implies that the interventions, and no other contextual factors, are responsible for inducing the beneficial changes in outcomes. Evaluation of the interventions' effects on outcomes requires an understanding of the problem that the intervention targets, the intervention, the outcomes, the mediators or mechanisms through which the intervention exerts its effects on the outcomes, and the moderators or factors that influence the intervention effects.
Problem
Problems are alterations in clients' health condition that put them at risk for illness or that interfere with their engagement in healthy behaviors and activities of daily living. The alterations include: bio-physiological malfunctions such as high blood sugar and hypertension; physical limitations such as difficulty walking; cognitive impairment such as delirium; emotional symptoms such as anxiety; engagement in risky behaviors such as smoking; and social issues such as isolation. An understanding of the problem clarifies its nature, manifestations, determinants, and level of severity. Nature of the problem refers to the domain of health in which it is experienced. Manifestations are the indicators (i.e., signs and symptoms) that point to the occurrence of the problem. Determinants are causative factors that contribute to the experience of the problem. Level of severity reflects the intensity with which the problem is experienced. This understanding of the problem is necessary for determining the appropriateness of the intervention and for guiding the design of the intervention evaluation study.
Interventions are considered appropriate when they are reasonable and logical in that they specifically address the problem requiring remediation (hereafter referred to as health problem). The nature of the intervention fits with the nature of the health problem. Awareness of the nature, determinants, and manifestations assists in identifying the aspects of the health problem that are amenable to change and hence, targeted by the intervention. Also, it is instrumental in delineating intervention strategies that are consistent with the modifiable aspects of the health problem and, hence, relevant in addressing or resolving it (Lippke and Ziegelman, 2008; Slater, 2006) . Knowledge of the level of severity with which the health problem is experienced helps in specifying the dose at which the intervention is given to induce the desired changes in the problem experience (Sidani and Braden, 2011) . Congruence between the health problem and the intervention enhances the specificity of the intervention. The intervention targets what exactly and significantly contributes to the health problem; it does not address its 'wrong' aspect and therefore, miss the target (Green, 2000; Nock, 2007) . The specificity of an intervention increases its effectiveness.
A thorough understanding of the health problem informs the identification of the client population and the sample selection criteria for the intervention evaluation study.
The population is generally defined relative to the experience of the problem targeted by the intervention. The sample selection criteria are specified to ensure that persons report the particular aspects of the problem specifically addressed by the intervention. These persons are expected to benefit most from the intervention.
Intervention
Health interventions are treatments, therapies, procedures, or actions that are implemented by healthcare professionals to, with, or on behalf of clients, in response to the health problem with which clients present, to improve their condition and achieve beneficial outcomes. Interventions consist of a set of interrelated activities that healthcare professionals perform; the activities reflect the cognitive, verbal, and physical functions within the scope of the professionals' practice. Health interventions include bio-physical treatments such as medications or administration of intravenous fluids; physical procedures such as surgical removal of a cyst and therapeutic massage; psychological, cognitive, behavioral, motivational, and educational interventions to promote engagement in healthy lifestyle; and social actions such as facilitating social gathering of older adults residing in long-term care institutions.
Understanding of an intervention taps into its goals, specific and non-specific elements, mode of delivery, and dose. An intervention's goal refers to its overall direction, that is, what the intervention is set to achieve relative to the targeted health problem, such as prevention, management, or resolution of the problem, and to the clients' general condition such as improved functioning. The specific elements are the active ingredients that characterize an intervention and distinguish it from others. The active ingredients are theoretically expected to induce changes in the health problem and clients' general health condition. The nonspecific elements are strategies or activities that facilitate the implementation of the active ingredients but are not anticipated to contribute to changes in the health problem and the clients' condition (Hart, 2009; Stein et al., 2007) . For instance, stimulus control therapy is a behavioral intervention for the management of chronic insomnia. Its primary goal is to assist persons to re-associate the bed and the bedroom with sleep. Its active ingredients consist of instructions regarding activities to avoid (such as reading or thinking) and activities to do (such as getting out of bed if one can't fall asleep) around bedtime. Its non-specific elements include monitoring the application of the instructions for feedback and discussing barriers to the implementation of the instructions. Mode of delivery reflects the medium, format, and approach for offering the intervention. Medium is the means through which the intervention is given, which can be oral (e.g., facilitation of group discussion on barriers to healthy behavior performance), written (e.g., distribution of pamphlet), and hands-on (e.g., surgery, massage). Format is the specific technique used for providing the intervention. Different formats are available such as face-to-face meetings or videotaped presentations within the oral medium, and booklet and computer-based application within the written medium. Approach is the structure selected for providing the intervention, which can be standardized or tailored.
In a standardized approach, the same intervention is carried out in the same way, at the same dose, across all clients. In contrast, a tailored approach consists of customizing the intervention, its mode of delivery, and its dose, to be responsive to clients' characteristics, needs, and preferences. Dose is defined as the level at which the intervention is to be given in order to successfully achieve the preset goals. It is operationalized in terms of amount (i.e., number of sessions, length of each), frequency (i.e., number of times the sessions are given within a specified period of time), and duration (i.e., total time period for giving all sessions).
Knowledge of the intervention's goals, active ingredients, non-specific elements, mode of delivery, and dose gives direction for the operationalization of the intervention. This, in turn, facilitates its implementation with fidelity and monitoring its delivery. Implementation of the intervention with fidelity in an intervention evaluation study is critical for initiating the mechanisms responsible for producing the outcomes (Borrelli et al., 2005) .
Operationalization of the intervention consists of translating the knowledge of the intervention's goals, active ingredients, and non-specific elements into components and activities that are performed within the selected mode of delivery and dose, by the healthcare professionals responsible for delivering the intervention (hereafter referred to as interventionists) and by clients receiving the intervention. A component is a set of interconnected activities that address one modifiable aspect of the health problem or that target a particular domain of clients' general condition. The number of components determines the level of intervention complexity. Simple interventions comprise a single component, for example, acupressure for the management of nausea and vomiting, or education for enhancing clients' knowledge of factors that trigger dyspnea. Complex interventions involve multiple components. The components may address different aspects of the health problem or domains of clients' general conditions. For example, a diabetes self-management program would include a component aimed at increasing clients' engagement in physical activity and a component aimed at promoting a low carbohydrate diet. The components may also represent different strategies to manage the same problem; the strategies may target individuals (e.g., cognitive and behavioral strategies to improve adoption of health behaviors), or several constituents in a community (e.g., behavioral strategies for individuals, organization of support groups, and involvement of the community in maintaining safe neighborhoods, to increase participation in physical activity). A list of specific activities is generated to operationalize each component and integrated into a meaningful sequence of activities to be carried out, in the specified mode, within and across all intervention contacts or sessions. A detailed description of these specific activities is compiled in the intervention protocol, which is detailed in a manual.
The nature of the intervention's specific activities point to the professional qualifications and personal characteristics required of the interventionists. The interventionists should have the professional qualifications (e.g., formal training, licensing) that enable them to carry out the intervention activities, as determined by respective regulatory bodies. Some personal characteristics (e.g., gender, ethnicity) may be important to facilitate delivery of some interventions such as those addressing sensitive topics to some client populations. For example, women are more comfortable discussing sexuality issues with female interventionists.
The intervention protocol is foundational for training interventionists in the competencies required for an appropriate implementation of the intervention (Borrelli et al., 2005) . The competencies relate to the conceptual underpinning of the intervention and the practical skills for carrying out its activities. Through intensive training, interventionists should gain an understanding of the health problem targeted by the intervention; the intervention's goals, active ingredients, non-specific elements, mode of delivery, and dose; and the mechanisms responsible for producing its effects on the outcomes. The interventionists also should be familiar with the intervention protocol, the rationale for each specific activity, the standards for carrying out the activities, potential challenges in carrying out the activities and ways to manage them (Sidani and Braden, 2011) .
The intervention protocol serves as the reference for implementing the intervention and for developing instruments to monitor fidelity of intervention implementation. Interventionists are requested to follow the protocol when delivering the intervention. The activities to be performed are incorporated in an instrument for assessing the fidelity of implementation (Stein et al., 2007) . Fidelity refers to the consistency between the actual delivery and the original design of the intervention; that is, the specific activities constituting the intervention are carried out as specified in the protocol. Deviations in the implementation of the intervention from its original design and across clients result in inconsistency in the intervention activities to which clients are exposed. This inconsistency contributes to variation in the level of outcome improvement reported by clients following implementation of the intervention, which reduces the power to detect significant intervention effects (Carroll et al., 2007; Leventhal and Friedman, 2004) .
Furthermore, knowledge of the intervention's active ingredients, non-specific elements, and dose is necessary for:
1. Selecting the comparison treatment that serves as a control condition for determining the effects of the intervention on outcomes. The comparison treatment should not contain components or activities that may reflect the intervention's active ingredients in order to maintain a clear distinction between the two treatments and maximize the difference in the outcomes. 2. Identifying the most appropriate time, within the trajectory of the health problem, to provide the intervention such as before, during, or following its experience. 3. Determining the most accurate methods for collecting data on the intervention dose to which clients are exposed and for conducting dose-response analyses, which is important in specifying the optimal dose associated with beneficial outcomes.
Outcomes
Outcomes represent the consequences of the intervention. They capture the changes in a clients' condition expected to take place following receipt of the intervention and reflect the criteria for determining its benefits. Outcomes are derived from the goals of the intervention and classified into immediate and ultimate outcomes. Immediate outcomes entail the expected changes in the aspects of the health problem that are directly targeted by the intervention, and occur within a short time interval after the implementation of the intervention. Immediate outcomes are operationalized as modifications in the health problem's determinants, manifestations, or level of severity. Ultimate outcomes include resolution of the problem and improvement in other aspects of clients' general condition such as prevention of illness and promotion of healthy functioning. Achievement of ultimate outcomes follows changes in the immediate outcomes. Therefore, the immediate outcomes mediate the effects of the intervention on the ultimate outcomes. For example, stimulus control therapy is designed to assist persons with insomnia to re-associate the bed and the bedroom with sleep. Application of its instructions is expected to reduce the time it takes to fall asleep and the time awake after sleep onset, which yields an increase in sleep efficiency (immediate outcomes). Increased sleep efficiency is associated with the perception of low levels of insomnia severity (resolution of the problem), which decreases daytime fatigue and improves physical, psychological, and social functioning (ultimate outcomes). Understanding the nature, classification, and interrelationships among outcomes has implications for outcome assessment and analysis in the intervention evaluation study. Awareness of the outcomes' nature directs their operationalization. Each outcome should be clearly defined at the conceptual level; its domains and dimensions that are expected to demonstrate changes post-intervention delivery (i.e., post-test) are identified, as they will guide the selection of the instrument to measure the outcome. A correspondence between the outcome domains and dimensions as defined conceptually and as captured in the content of the instrument is required to accurately assess the outcome and quantify the changes in the outcome. For example, the cognitive, more so than the physical, domain and the intensity, more so than frequency, dimension of daytime fatigue are expected to improve after delivery of the stimulus control therapy.
Classification of outcomes into immediate and ultimate informs the specification of the anticipated pattern of change in the outcomes. Usually, significant changes in immediate outcomes are hypothesized to take place within a short time (e.g., 1 week) post intervention and maintained over time (e.g., 9 months). No or small changes in ultimate outcomes are expected immediately following intervention delivery; however, the amount of change is anticipated to increase gradually over time. The anticipated pattern of change helps in specifying the points in time following implementation of the intervention to assess the outcomes; carefully planning the post-hoc comparisons to determine when the changes in outcomes actually occur; and interpreting statistically significant or non-significant findings related to the intervention effects on the immediate and ultimate outcomes at different time points post-intervention.
Knowledge of the interrelationships among the outcomes is necessary for elucidating the mechanism underlying the intervention effects and for planning outcome analysis accordingly.
The analysis focuses on examining the direct impact of the intervention on the immediate outcomes and the indirect effects of the intervention on the ultimate outcomes.
Mediators
The mechanism underlying the intervention effects reflects the pathway of changes that are responsible for producing the anticipated improvement in the outcomes. It refers to the series of events or alterations in status that occur during and after receipt of the intervention and that mediate the effects of the intervention on the ultimate outcomes (Nock, 2007; Vallance et al., 2008) . The mechanism is operationalized in a causal path that links the delivery of the intervention with the mediators and subsequently the ultimate outcomes. There are three general categories of mediators: clients' reactions to the intervention, enactment and adherence to the intervention, and immediate outcomes.
Clients' reactions to the intervention include their understanding of the treatment recommendations they are expected to carry out in their day-to-day life (Borrelli et al., 2005) and their satisfaction with the intervention (i.e., perceived usefulness of treatment in managing the presenting problem). Client reactions contribute to the enactment (i.e., initiation) of and adherence (i.e., consistent and appropriate application) to the treatment recommendations. Clients who develop a good grasp of what the treatment is about and view it as helpful in addressing the health problem are likely to engage in the intervention and perform the treatment recommendations in the correct way and at the prescribed dose in their daily life (Carroll et al., 2007) . Adherence to treatment yields improvement in the immediate outcomes, which in turn is associated with changes in the ultimate outcomes. To illustrate, the following generic mechanism underlies the effects of an educational intervention on quality of life: 1) clients attending all sessions of the intervention gain an understanding of the information relayed and find it meaningful, that is, suitable to address the problem, applicable within the context of their lifestyle, and useful in producing the outcomes of interest to them; 2) clients showing these favorable reactions to the intervention retain the information taught and apply it; 3) clients who apply properly what they learned experience improvement in the immediate outcomes; and 4) improvement in the immediate outcomes motivates clients to continue application of the treatment recommendations and produces the ultimate outcomes.
Understanding the mechanism mediating the intervention effects on the ultimate outcomes guides the following aspects of the intervention evaluation study:
1. Generation of conceptual definitions of the mediators, which directs their operationalization and selection of instruments to measure them directly; 2. Delineation of the points in time during and following the implementation of the intervention at which the mediators are to be assessed; and 3. Specification of the path model for testing the hypothesized interrelationships among receipt and dose of the intervention, mediators, and ultimate outcomes.
Moderators
Moderators are factors that influence the implementation of the intervention, the mechanism underlying its effects, and/or the achievement of ultimate outcomes. The moderators include characteristics of the clients who receive the intervention, the interventionists who deliver the intervention, and the setting within which the intervention is implemented. Client characteristics influence the experience of the health problem; for instance clients with a particular characteristic may experience a severe level of the problem, which may not be successfully managed by the intervention. Client characteristics affect the understanding, enactment, or adherence to treatment recommendations; for example, clients with low levels of education or high levels of cognitive impairment may not fully grasp the treatment, precluding them from applying the recommendations appropriately; thus, they do not show the expected improvement in outcomes. Client characteristics influence responses to the intervention; clients with a particular characteristic or certain level of the characteristic respond more favorably than others to the intervention. The favorable responses are exhibited in higher improvement in immediate and ultimate outcomes. For example, clients who lead an active lifestyle prior to cancer therapy report larger reduction in fatigue after receiving a behavioral intervention to promote physical activity, than those who had a sedentary lifestyle.
Interventionists' characteristics relate to their personal qualities (e.g., communication skills) and professional qualifications (e.g., experience working with the target population). These characteristics may interfere with the implementation of the intervention. For example, interventionists with poor communication skills may not relay information about treatment recommendations clearly and in simple terms. Interventionists' characteristics may affect the development and maintenance of a working alliance with the clients. This alliance impacts clients' satisfaction with and adherence to treatment, and improvement in outcomes (Dinger et al., 2008; Fuertes et al., 2007) .
Setting characteristics relate to physical (e.g., high ambient temperature during performance of relaxation, and non-availability of walking trails in the neighborhood) and social (e.g., gender composition of clients attending a group session to discuss intimate sexual behaviors for the prevention of HIV, and neighborhood safety) features of the environment in which the intervention is delivered or the treatment recommendations are applied. Some features facilitate and others hinder performance of a subset or all intervention activities by the interventionist, and of the treatment recommendations by the clients.
Understanding of the moderators has implications for the design of the intervention evaluation study. Client characteristics that interfere with the implementation of the intervention, the trigger of the intervention mechanism, and the achievement of outcomes are considered potential confounds, and are controlled experimentally or statistically. Experimental control is exerted by screening clients and excluding those who have the characteristics. Statistical control is done by including clients with these characteristics, collecting pertinent data, and residualizing their influence when examining the intervention effects. Interventionist characteristics that affect the intervention delivery are specified and used for selecting interventionists, and are addressed during training. Clients' perception of the interventionists' working alliance is assessed and accounted for when evaluating the intervention effects. Setting characteristics guide site selection and assessment of the site features, particularly if more than one site is included in the study. Differences across sites are accounted for at the stage of data analysis.
AIMS OF INTERVENTION RESEARCH
The overall goal of intervention research is to generate evidence that supports the appropriateness, safety, and effectiveness of interventions in producing the beneficial outcomes. The evidence is used to develop guidelines that inform healthcare professionals' practice. To help in directing healthcare professionals' decision making about client care, empirical evidence synthesized across studies evaluating the same intervention has to provide answers to the following clinically relevant questions: What clients, presenting with which personal, health, and clinical characteristics, benefit most from which treatment, given at what dose, in what mode, and in what context? Underlying these questions and relevant empirical evidence is the notion of causality. In other words, the evidence should demonstrate that the intervention causes the outcomes and that this causal relationship is robust, meaning that it is observed when the intervention is implemented by different healthcare professionals, to different clients, in different contexts, and in different modalities and doses.
CAUSALITY
A causal relationship is a structural relation that underlies the dependence among phenomena (Stanford Encyclopedia of Philosophy, 2008) . In intervention research, the focus is on demonstrating the causal relationship between the intervention and the outcomes. This is accomplished by determining the causal dependence of the outcomes on the intervention. Causal dependence means that changes in the outcomes are contingent on the receipt of the intervention in that improvement in the outcomes occurs in the presence of the intervention and conversely, no changes in the outcomes take place in the absence of the intervention. This view of causal dependence is rather simplistic and deterministic, emphasizing the direct connection between an intervention and an outcome, and ignoring the context in which the intervention is implemented and the mechanisms through which the intervention produces its effects (Pawson and Tilley, 1997) .
There is increasing acknowledgement of multi-causality in the health field. Multiple factors, experienced in different domains of health (e.g., physical, psychological) and at different levels (e.g., individual, community), are recognized as determinants of the health problems of clients requiring remediation. For instance, engagement in a healthy behavior is conceptualized as a function of the interpersonal, intrapersonal or individual, institutional or organizational, community, and public policy factors (National Institutes of Health, National Cancer Institute, 2005) . The complexity of these problems demands multi-component interventions to comprehensively address them. Multi-component interventions contribute to changes in several interrelated outcomes. Accordingly, the simplistic view of causal dependence is no longer tenable, yielding a reformulation of causality as a chain representing the set of conditions that promote the connection between the intervention and the outcomes, and the interdependence among the intervention and the outcomes (Cook, 1993; Tilley, 2000) . This notion of multi-causality highlights the importance of examining the mechanisms that mediate the effects of an intervention on the outcomes; and the factors that could moderate the ability of the intervention to trigger the mechanism and to produce the intended effects on the outcomes.
The criteria for inferring simple and multi-causality are temporality, covariation, contiguity, congruity, and ruling out plausible alternative causes of the intervention effects (Larzelere et al., 2004; Shadish et al., 2002) . Although the same criteria are used, the evidence required to support the criteria differs slightly when inferring simple or multi-causality.
Temporality
Temporality has to do with the temporal order of the cause and the effect, where the cause should occur prior to its effects. Thus, the intervention has to precede changes in the outcomes in order to logically attribute the improvement in outcomes to the intervention. If the changes in the outcomes are observed before the implementation of the intervention, then they cannot be linked to the intervention because the changes in outcomes occurred irrespective of the intervention. To determine temporality, the outcomes should be assessed before and after delivery of the intervention. Changes in the level of the outcomes that are observed post-intervention represent the evidence to support temporality in simple and multi-causality.
Covariation
Covariation is the criterion that operationalizes causal dependence. It implies that the changes in the outcomes occur when the intervention is delivered, and do not occur when the intervention is not given. Covariation is often demonstrated by creating two groups of persons who experience the health problem targeted by the intervention. The groups are comparable in all respect except receipt of the intervention; that is, the intervention is given to one group and withheld from the other group. Evidence required for inferring covariation should show comparability of clients in both groups before implementation of the intervention, changes in the outcomes in the hypothesized direction among clients who receive the intervention, no changes in the outcomes among clients who do not receive the intervention, and significant differences in the outcomes between the two groups assessed post-intervention (Shadish et al., 2002) .
The utility of having the two groups to demonstrate covariation is being questioned on two grounds. First, historically the effectiveness of several interventions, such as insulin for decreasing high blood glucose, blood transfusion for hemorrhagic shock, and closed reduction for fracture, was established in a series of case studies rather than comparison of outcomes for clients who did and did not get treatment (Cook et al., 2010; Glasziou et al., 2007) . Second, withholding the intervention may be unethical, which is the case when equipoise (i.e., not knowing whether treatment is better than no treatment) cannot be maintained (e.g., antibiotics to control septicemia) when the target population is in critical, immediate need for treatment (e.g., severely dehydrated infants), and when depriving clients from the intervention is associated with unfavorable reactions that negatively contribute to the outcomes (i.e., clients who do not receive the intervention exhibit worsening of the outcomes). In these instances, covariation can be inferred from repeated observations of the same clients under two conditions: 1) when they are not offered the intervention (which precedes the second condition) and 2) when they receive the intervention. Outcomes are assessed before and after each condition. Evidence indicating no changes in the outcomes following the first condition (i.e., no treatment) and significant changes in the outcomes after the second condition (i.e., treatment), supports the criterion of covariation (Rossi et al., 2004) in simple and multi-causality.
Contiguity and Congruity
Contiguity has to do with the time lag between implementation of the intervention and the occurrence of changes in the outcomes. In simple causality, the changes in outcomes are expected within a short time interval following the intervention delivery. In multi-causality, changes in the immediate outcomes take place within a relatively short time interval after the implementation of the intervention, whereas changes in the ultimate outcomes occur within a long time interval and once the immediate outcomes are achieved.
Congruity reflects the magnitude of the changes in the outcomes, which should be congruent with the nature and dose of the intervention. In simple causality, interventions that are highly specific to the health problem, intense, and of high dose, are expected to yield large changes in the outcomes. In multi-causality, congruity is considered in association with contiguity, based on outcome data gathered repeatedly following implementation of the intervention. The evidence supporting these criteria includes: 1) large changes in the immediate outcomes are observed within a short time frame post-intervention; this level of change is maintained or a small increment is reported in the immediate outcomes over time; 2) small, if any, changes in the ultimate outcomes are found within a short time frame post-intervention; however, the amount of change in these outcomes increases gradually or sharply over time; and 3) the magnitude of the relationship between the intervention and the immediate outcomes is larger than the magnitude of the direct relationship between the intervention and the ultimate outcomes; this expectation is consistent with the mediating role of the immediate outcomes (Green, 2000; MacKinnon and Fairchild, 2009 ).
Ruling out Other Plausible Causes of the Intervention Effects
This criterion is considered the most defensible warrant for simple and multi-causality (Cook et al., 2010) . It implies that the changes in the outcomes found after the implementation of the intervention are solely and uniquely attributable to the intervention. In other words, the outcomes are consequences of the intervention itself, and not other factors inherent in the context in which the intervention is delivered and evaluated. The factors are substantive or methodological. The substantive factors are associated with the characteristics of the clients who are included in the intervention evaluation study and who receive the intervention; the interventionists who deliver the treatments under evaluation; and the context of the study or the implementation of the intervention. Methodological factors relate to issues in the conduct of the evaluation study such as measurement of outcomes and statistical tests used in data analysis. Substantive and methodological factors present sources of bias or threats to the validity of inferences regarding the effects of the intervention on the outcomes, as discussed in Chapter 2.
Threats to validity, or biases, reflect alternative explanations for the intervention effects. Ruling out plausible causes involves: 1) exerting experimental control by eliminating possible sources of bias, as is done in the experimental or randomized controlled trial (RCT) design and 2) identifying, a priori and based on the theory underlying the intervention (i.e., understanding of the health problem, intervention, outcomes, mediators, and moderators), factors that could potentially confound the intervention effects, collecting data on these factors and examining statistically the extent to which the factors influenced the implementation of the intervention and the achievement of its outcomes, as is recommended when investigating the intervention under less well controlled conditions of day-to-day practice (Nock, 2007; Schafer and Kang, 2008) .
Summary
• • Design of an intervention evaluation study starts with a good understanding of the intervention and the notion of causality • • Understanding of intervention guides the plan and conduct of the evaluation study as follows:
